The purpose of this study was to identify the optimal local treatment modalities for International Federation of Gynecology and Obstetrics (FIGO) stage I-II small-cell carcinoma of the cervix (SCCC), including cancer-directed surgery (CDS) and/or radiotherapy (RT). The Surveillance Epidemiology and End Results (SEER) database was used to identify SCCC patients from 1988 to 2012, and analyzed using Kaplan-Meier survival and Cox regression proportional hazard methods to determine factors significant for cause-specific survival (CSS) and overall (OS). A total of 208 patients of SCCC were enrolled. The median followup time was 31 months. Fifty-eight (27.9%) patients were treated with primary CDS, 88 (42.3%) patients underwent CDS combined with RT, and 62 (29.8%) patients were treated with primary RT. Univariate and multivariate analyses showed that local treatment modalities were independent prognostic factors for CSS and OS. Patients who had undergone CDS had better CSS and OS, compared with patients who had been treated with combined CDS and RT or RT alone. The 5-year CSS and OS of entire group was 49.8% and 46.4%, respectively. The 5-year CSS in the groups of patients receiving CDS, CDS combined with RT, and RT alone were 67.9%, 49.7%, and 32.6%, respectively (P < 0.001).
Introduction
Small-cell carcinoma of the cervix (SCCC) makes up approximately 2-5% of all cervical carcinomas, which shows like highly invasive and distant metastasis [1] [2] [3] . The disease-specific 5-year survival rates were 36.8%, 9.8%, and 0% for International Federation of Gynecology and Obstetrics (FIGO) stage I-IIA, IIB-IVA, and IVB patients, respectively [4] . Currently, most studies on SCCC are comprised of limited series and case reports, making it difficult to draw conclusions on local management in early-stage SCCC [5] .
The Society of Gynecologic Oncology (SGO) and Gynecologic Cancer InterGroup (GCIG) both recommended
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The local treatment modalities in FIGO stage I-II small-cell carcinoma of the cervix are determined by disease stage and lymph node status surgery as the standard local treatment for stage I-IIA SCCC, while chemoradiation was recommended for stage IIB-IV patients [2, 3] . However, it has also been suggested that the survival for primary radiotherapy (RT) is superior to primary surgery [6] . Given the aggressive nature of SCCC, it is imperative to identify potential treatments that can improve the survival of these patients. Therefore, the aim of the current study was to investigate the optimal local treatment modalities for in stage I-II SCCC using a population-based national registry (Surveillance Epidemiology and End Results, SEER), which may decrease the potential for selection and surveillance biases typically associated with single-institution analysis, and provide valuable local treatment modalities for patients with SCCC.
Patients and Methods

SCCC case definition
Data were obtained from the current SEER database (Surveillance Research Program, National Cancer Institute SEER*Stat software, Version 8.2.1; http://www.seer.cancer. gov/seerstat), maintained by the National Cancer Institute, which consists of 18 population-based cancer registries. We obtained permission to access research data files with the reference number 11252-Nov2014 [7] . Patients diagnosed with FIGO stage I-II SCCC who had received cancer-directed surgery (CDS) and/or RT were identified using the SEER database between 1988 and 2012. Pathologic diagnosis was based on the primary site using the International Classification of Disease for Oncology, Third Edition (ICD-O-3). SEER database data do not require informed consent, and this study was approved by the ethics committee of the First Affiliated Hospital of Xiamen University.
Clinicopathological factors
The following clinical and pathologic data were collected from the SEER database: year of diagnosis, age at diagnosis, race, marital status, FIGO stage, grade, tumor size, nodal status, and local treatment modalities including CDS and/or RT. Vital status, duration of follow-up, and cause of death were also included.
Statistical analysis
Chi-squared (χ 2 ) and Fisher's Exact probability tests were used to analyze the differences between qualitative data. Univariate and multivariate Cox regression analyses were used to analyze the risk factors for cause-specific survival (CSS) and overall survival (OS). Multivariable analyses were performed for factors which were significantly associated with CSS and OS in univariate analyses. Calculation of survival rates were plotted by the KaplanMeier method, and compared using the log-rank test. All data were analyzed using SPSS statistical software package, (version 21.0; IBM Corporation, Armonk, NY). A P-value <0.05 was considered to be statistically significant.
Results
Patient characteristics and treatment
A total of 208 eligible patients diagnosed with SCCC were identified in the SEER database between 1988 and 2012. Table 1 or isotopes, four (6.5%) patients received radioactive implants, and one (1.6%) patient with method or source not specified. Of the 105 patients whose lymph node statuses were available, there were 45 (42.9%) patients with nodal metastases. The local treatment modalities for patients were significantly associated race, FIGO stage, nodal status, and tumor size (P < 0.05).
Analysis of prognostic factors
Univariate analysis showed that age, FIGO stage, nodal status, local treatment modalities were prognostic factors that affected CSS and OS (P < 0.05; Table 2 ). Race, marital status, and tumor size were not associated with CSS and OS (P > 0.05). Multivariate analysis showed that local treatment modalities were independent prognostic factors for CSS and OS. Patients who received CDS had better CSS than those who had combined CDS and RT treatment (hazard ratio [HR]: 1.831, 95% confidence interval [CI]: 1.057-3.173, P = 0.031) or RT alone (HR: 2.808; 95% CI: 1.590-4.957; P < 0.001). CDS was also associated with improved OS compared to combined CDS and RT (HR: 1.735; 95% CI: 1.038-2.905; P = 0.036) or RT alone (HR: 2.536, 95% CI: 1.486-4.328, P = 0.001). Age was another independent prognostic factor for OS in multivariate analysis (Table 3 ).
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Impact of local treatment modalities on survival
The median follow-up time was 31 months (range, 5-237 months). The 3-and 5-year CSS was 56.0% and 49.8%, respectively (Fig. 1A) . The 3-and 5-year OS was 54.1% and 46.4%, respectively (Fig. 1B) . The 5-year CSS according to local treatment modalities of CDS, combined CDS and RT, and RT were 67.9%, 49.7%, and 32.6%, respectively (P < 0.001; Fig. 2A ). The 5-year OS in patients treated with CDS, CDS and RT, and RT alone were 64.9%, 46.2%, and 28.8%, respectively (P < 0.001; Fig. 2B ). We further analyzed the effects of radiotherapy methods on the survival of 62 patients who received primary RT, and the results showed that the addition of implants or isotopes did not impact CSS (P = 0.311) and OS (P = 0.228).
Whether the influence of the local treatment modalities on survival was modified by the FIGO stage was determined. The effect of local treatment modalities significantly differed by FIGO stage; CDS was associated with better CSS (log rank P = 0.001) and OS (log rank P < 0.001) in FIGO stage I SCCC (Fig. 3) . However, in FIGO stage II SCCC, no differences were observed in CSS (log rank P = 0.471) and OS (log rank P = 0.557) according to different local treatment modalities.
The prognostic effects of the different local treatment modalities according to lymph node status were also examined. In patients with lymph node negative disease, local treatment modalities were significantly associated with CSS (log rank P = 0.002) and OS (log rank P = 0.002), and patients who received primary CDS had better survival compared to patients who had combined CDS and RT treatment or RT alone (Fig. 4) . In patients with nodal metastases, no associations with local treatment modalities for CSS (log rank P = 0.454) and OS (log rank P = 0.537) were observed.
Discussion
In this study, we explored the effects of different local treatment modalities on survival of FIGO stage I-II SCCC patients based on SEER data. The results suggested that local treatment modalities are independent factors for CSS and OS in SCCC patients. The survival rate for patients treated with CSD was significantly better than those treated with combined CDS and RT, or RT alone.
Currently, prospective studies have not compared prognosis in SCCC patients with different local treatment strategies, perhaps due to the low prevalence of SCCC. Hoskins et al. described 34 SCCC patients (of which there were 23 patients with stage I-II disease) being treated with combined chemotherapy and radiotherapy, in which 70% of patients achieved complete remission (CR), and the 3-year OS and failure-free survival reached up to 60% and 57% [8] . A multicenter retrospective study found that for patients with FIGO staged I-II, primary radiotherapy with aggressive chemotherapy was associated with better survival than surgery [6] . A study by Viswanathan et al. reported that nine (75%) patients with stage I-II SCCC receiving RT showed disease progression. However, only two patients had disease progression in the radiation field, while the rest of the cases demonstrated extra-field recurrence or distant metastasis. The study also reported that of the six patients who underwent radical hysterectomy, only two patients (33.3%) CDS, cancer-directed surgery; RT, radiotherapy; CSS, cause-specific survival; OS, overall survival.
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showed disease progression in the pelvis and distant organ [9] . It has been demonstrated that for patients with a tumor size of ≤2 cm and no vascular invasion, no disease recurrence occurred after treatment with surgery and adjuvant chemotherapy [6] , while another study reported that for SCCC patients with stage I-IIA disease, radical hysterectomy could help improve patient survival (38.2% vs. 23.8%; P < 0.001), but RT had no effects on survival (26.9% vs. 36.4%, P = 0.115) [4] .
In this study, we have shown that the survival of patients receiving primary CDS was significantly better than patients receiving RT alone or combined with surgery, suggesting that the advantages of local control and radical surgery may be superior to the effects of RT. In line with our findings, both SGO and GCIG also recommend surgical strategies for the treatment of SCCC patients with I-IIA disease, and radio-chemotherapy for patients with stage IIB-IV disease [2, 3] . SCCC shows highly invasive and distant metastases in its early stages. While studies have shown both local and distant relapses in patients who achieved CR following local treatment, the majority of these relapses occurred in distal locations [10, 11] , indicating that distant recurrence, rather than local regional recurrence is the treatment failure for SCCC patients and the value of RT is mainly reflected in the locoregional control. We compared the effects of surgery alone and surgery combined with RT on the survival of patients, and the results showed that the former was significantly superior than the latter. Furthermore, a study by Huang et al. also found that patients receiving RT following surgical treatment showed worse survival than those did who not receive RT [12] , while other studies reported no immediate effects on survival for the adjuvant RT after surgery in the treatment of SCCC patients [10, 13] . Our study spanned a 25-year period, during which various modern radiotherapy techniques such as simultaneous integrated boost delivered by intensity-modulated radiotherapy, or imageguided brachytherapy were introduced into clinical practice. Therefore, the effect of modern radiotherapy techniques on the survival of SCCC patients need for further study.
In our study, surgery plus RT were mostly applied to the patients with lymph node-positive and large tumor size. The reason of poor survival for patients received radiotherapy after surgery is not clear; however, it can be assumed that patients receiving adjuvant radiotherapy may have more high-risk factors of recurrence such as parametrical invasion, lymphovascular invasion, and positive resection margins. Due to the limitations of SEER data, the impacts of lymphovascular invasion, depth of tumor invasion, and surgical margins etc on survival are not clear [14, 15] . Hence, we could not determine the reason to receive adjuvant radiotherapy after CDS for SCCC patients.
The use of brachytherapy with whole-pelvis RT is the standard treatment for cervical cancer. It should be noted that SCCC is a rare disease, and the guidelines for radiotherapy should still refer to cervical cancer. However, in our study, the addition of implants or isotopes impact did not have an impact on CSS and OS in SCCC patients who received primary RT. We could assume that early SCCC was more prone to distant metastases rather than local regional recurrence; the benefit of adjuvant RT or additional brachytherapy was limited to SCCC patients, and the adjuvant chemotherapy in this patient population might be more important [3, 10, 16, 17] .
Federation of Gynecology and Obstetrics stage and lymph node status are now considered to be important influence survival factors of SCCC [2, 16, 18, 19] . In the present study, subgroup analyses demonstrated that local treatment modalities only significantly influenced CSS and OS in SCCC patients with node negative and FIGO stage I disease. Our results also suggest that surgery primarily benefit patients with a low risk of recurrence, while a more active comprehensive treatment should be explored to improve the patient survival for SCCC patients with a higher recurrence risk.
There are several limitations of this study. The main limitation of the current study is the inherent bias that exists in any given retrospective study. Furthermore, we were unable to accurately evaluate the full extent of the patients' condition based on the insufficient SEER data. SEER database also lacks the information regarding the chemotherapy regimens and dose, which will impact the assessment of the clinical value of local treatment modalities. However, the primary strength of this study is the ability to retrospectively describe the epidemiology, prognostic factors, and treatment trends of this rare disease, using the SEER registry. In addition, there is little information to guide analysis of why postoperative RT was or was not completed in certain SCCC patients. Although retrospective reviews should not carry the power of prospective studies, no prospective assessment of postoperative radiotherapy has been completed in SCCC.
In conclusion, SCCC is a rare type of cervical cancer with highly aggressive feature. There is an urgent need to develop new and better treatments for SCCC. Radical surgery is the optimal local treatment for early-stage SCCC, as adjuvant or radical RT does not improve survival compare to radical surgery, especially in patients with FIGO stage I and lymph node-negative disease. Prospective studies are required to confirm the results of this study and help define optimal local management in SCCC.
